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Abst r act

The microstrip antenna, because of its snmall size, |ightweight, |ow
profile, and low manufacturing cost, is finding increasing
applications in the comercial. sector of the industry. Thi s

article discusses briefly sone of the antenna’ s technical features

and presents several inportant exanples of the antenna s commrerci al

applications, such as nobile satellite conmunications, direct
broadcast satellite services, global positioning system medical

hypertherm a usage, etc.

I | nt roduction

Since the invention of the microstrip antennal!'?! four decades ago,

the demand for its application has been increasing rapidly,

especially wthin the last two decades. However,  these
applications have been in demand nostly by the Departnent of
Def ense. Because of their extrenely thin profile (0.01 to 0.05
wavel engt h) printed mcrostrip antennas have found heavy
applications in nilitary aircraft, m ssi | es, rockets, and
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" satellites. In the conmercial sector, the adaptation of the
microstrip antenna has not been as rapid, primarily due to the cost
and the lack of demand. During the earlier years, the costs of the
mcrostrip antenna’s substrate material, its design, and
manuf acturing processes were considered non-conpetitive when
conpared to the wmonopole, helix, horn, or parabolic reflector. In
addi tion, for exanpl e, the earlier popul ar terrestrial
conmuni cation systems configuration and environnent did not
warrant the use of the nmicrostrip antenna. During the |ast decade,

however, the cost to develop and manufacture the mcrostrip antenna
has dropped significantly, because of the maturity of the
mcrostrip antenna technology, the reduction in cost of the
substrate material and manufacturing process, and the sinplified
design process using the newy devel oped conputer-aided design
(CAD) tools. Furthernore, the current satellite comunication
applications benefit greatly from the snall-size and lowprofile
of the mcrostrip antenna. For exanple, in a UHF cellular
terrestrial conmunication system W th plenty of RF power and
antenna real estate for its base stations, the nobile unit can
perform adequately with a sinple | ow gain monopole antenna w thout
any concern about its systemgain margin being too small. However

in devel opi ng L-band nobile satellite comunications'”, because of
the limted spacecraft solar-battery power and spacecraft antenna
size, the nobile vehicle termnal requires a higher gain antenna
(on the order of 10 dBi) to ensure an adequate system |ink nargin.

To cover a wide elevation angular region from 20° to 60° above the




“horizon with such a gain, an antenna, such as a horn, a helix, or

a monopole array, Wl be too bulky to be nounted on top of a
passenger autonobile. A lowprofile printed mcrostrip array not
only offers an aesthetically pleasing appearance, but also yields
a |low manufacturing cost, especially when produced in large

quantities.

This article discusses sone of the microstrip antenna’s technical

features, its advantages, and di sadvantages. Materials and
fabrication techniques for comercial applications will also be
briefly presented. Microstrip antenna applications in the areas of
mobile satellite communications, the Direct Broadcast Satellite
(DBS) system and the d obal Positioning System (GPS) will be
hi ghl i ght ed. Nonsatel | ite-based applications, such as nedica

hypertherm a and renote sensing, Wl also be discussed.

Il.  Technical Background

This section presents the technical background of the mcrostrip
antenna. The discussion is separated into three areas: features
of the microstrip antenna, computer-aided design and fabrication,

and materi al s.

A. Features of the microstrip antenna: A microstrip antenna™?,
as shown in Figure 1, consists of a radiating nmetallic patch
or an array of patches on one side of a thin, nonconducting,

supporting substrate panel (thickness is 0.01 to 0.05 free




space wavel ength) with a ground plane on the other side of the

panel. The netallic patch is normally made of copper foil or
copper-foil plated with a corrosion resistant metal, such as
gold, tin, or nickel. Each patch can be made into a variety
of shapes with the nost popul ar shapes being rectangular and
circul ar. The supporting substrate material for an array
application nust be low in insertion loss with a |oss tangent
(also called dissipation factor) of Iess than 0.002.
General |y, substrate materials!? can be separated into three
cat egori es: (1) Wth a relative dielectric constant in the
range of 1.0to 2.0, the material can have the formof air,
pol ystyrene foam or honeyconb. () Wth a relative
dielectric constant in the range of 2.0 to 4.0, the naterial
consists of nostly teflon. (3) Wth a relative dielectric
constant between 4 and 1.0, the material can be made of
ceramic, quartz, or alumna. Generally, the trend is that the
| ower the substrate dielectric constant is, the |lower the

antenna cost and insertion loss will be.

A single microstrip patch can generally be excited either by
a coaxial probe or by a mcrostrip transmssion line, as shown
in Figure 1. For an array of microstrip patches, the patches
can be conbined either wth microstrip lines |ocated on the
sane side of the patches or with mcrostrip or strip lines
desi gned on a separate |ayer placed behind the ground pl ane.

For the separate-layer configuration, each patch and its feed



line are electrically connected either by a netallic thin post
or by an aperture coupling slot!s!. In an array configuration,
tens or hundreds of patch elenments can be fabricated by a
single lowcost etching process. In other words, each single
patch elenent of the array does not need to be fabricated
i ndividually as many other types of radiating elenents do.

This mcrostrip array etching process leads to a | ower antenna
manuf acturing cost.

There are advantages, as well. as disadvantages, associated
with the microstrip antenna. By understanding each one of
them one can readily design a mcrostrip with the optinmm
efficiency, mnimum risk, and lowest cost for a particular
commercial application. The advantages of mcrostrip antennas

when conpared to conventional antennas, such as helix, horn,

reflector, etc, are:

(1) 'The extrene low profile of the mcrostrip antenna nakes
it lightweight and it occupies very little volume of the
structure or vehicle on which it is nounted. It can be
conformably mounted onto a curved surface so that it is

aesthetically appealing and aerodynam cally sound.

(2) The antenna, When produced in large quantities, Or an

array with nmany patch elements, can be fabricated with a

sinmpl e etching process, Which leads to greatly reduced




fabrication cost.

Dual - frequency operation is possible by using either
dual - st acked patches!” or a patch with a | oaded diode!®

or a stubl®.

The di sadvantages of the mcrostrip antenna are:

(1)

The antenna has a narrow bandwi dth (generally |ess than
3% . However, w th technol ogy advancenent, 15 to 20
percent of bandw dths have been achieved. These are
techniques that use nultiple stacked patches, thicker
substrates, external matching circuits!'®, a sequenti al

rotation arrangement!':'?, parasitic coupling!'®, etc.

Because of the small separation of the radiating patch
and its ground plane (equivalent to small separation
between two electrodes) , the mcrostrip antenna can
handle relatively Iow RF power. Generally, a few hundred
watts of power or less is considered safe. However ,
depending on the substrate and nmetal thicknesses and the
frequency of operation, a few kilowatts of power for
mcrostrip lines at X-band have been reported!™. It
should be noted that for space applications, the power
handl i ng capability is generally less than that for

ground application, due to multipacting breakdown!'®.



(3) The microstrip array generally has a larger ohmc
insertion loss than other types of antennas of equivalent
aperture size. This ohmc loss nostly occurs in the
dielectric substrate and the netallic conductor of the
mcrostrip line power dividing circuit. It should be
noted that a single mcrostrip patch elenment incurs very
little loss because it is only one-half wavel ength |ong.
The loss in the power dividing circuit of a mcrostrip
array can be mnininized by using series feed techniques
B5-181  wavegui de and m crostrip comnbi ned power dividers,

honeyconb substrate, etc.

Conmput er - ai ded design (CAD) and fabrication: The choices of
CAD software 15 to 20 years ago were |limted and expensive.

As a result, the “cut and try* mnmethod was relied on as a
comon solution to the design of mcrostrip circuits that
resulted in longer devel opment tine, higher antenna cost, and
inaccuracy in performance prediction. This situation,
however, has changed radically since the performance of
personal conputers has inproved significantly and a variety of
CAD tools are avail abl e. A mcrostrip array is generally
conposed of two conponents: (1) the power dividing mcrostrip
lines and (2) the radiating microstrip patch elenents. Mst
of the CAD software tools have placed an enphasis on the
design of nmicrostrip |lines, because they were devel oped not

just for mcrostrip antennas, but geared nore toward the



circuit design of transmtter and receiver conponents, such as
filters, hybrids, couplers, etc. Exanples of these tools are
Touchstone, Superconpact, M das, LINMAC, and many ot hers.
Only a few CAD software tools were developed to handl e both
mcrostrip circuit lines and microstrip patch el ements. The
few that are known by the author are Micpatch, devel oped in
Switzerland, using the transm ssion |ine multiport techni que;
Ensenbl e, devel oped by Boul der M crowave Inc. in Col orado,
using the integral equation techniquel!'; and the M cropatch
package, devel oped by the University of Col orado, enploying
t he multiport segnentation technique!™ .  These packages not
only aid in the array’s circuit |ayout design, but also
cal cul ate the antenna input inpedance, radiation patterns, and
antenna efficiencies. Mitual coupling effects between patch

el ements are included in the analysis.

It should be pointed out that, because mcrostrip |ines have
relatively wi der bandwi dth (nore than 10% bandwi dth) , all the
above CAD tools can generally design the power dividing
circuit of the mcrostrip array correctly the first tine.
However, because of the narrow band characteristics of the
patch el enents (less than 3% bandwi dth) , the CAD design will
generally take one or two iterations for the actual patch
el ement to resonate at the desired frequency. The inaccuracy
in specifying the mterial paraneters (i.e., substrate

dielectric constant) by the nanufacturers and unknown



fabrication tolerances are two nmajor contributors to the
required iteration steps in designing the patch el ement.
Nevert hel ess, the CAD tools can help the designer to conplete
a mcrostrip array design in several weeks, while the old “cut
and try” method may take several nonths. Especially at the
mllimeter frequencies, the “cut and try” nmethod, because of
the extreme snmall patch size, cannot be acconplished by using
a knife. Eve ry iteration needs to be done by a conplete
et ching process. Thus , without the CAD, the antenna

devel opment effort can become very costly and time consum ng

once the CAD design is conpleted, the dinension data of the
mcrostrip array is used to generate photographic film by
using the very accurate laser optic technique. Thi s
photographic filmis then used with chemcals to etch off the
copper from the copper-clad substrate panel to form the
desired nicrostrip array antenna. ©One etching process can
yi el d hundreds or thousands of patch elenments on a single
panel . For exanmple, if one desires to mass produce thousands
of mcrostrip array antennas with each antenna consisting of
hundreds of patch elenents, the automated photographic and
etching processes‘” can acconplish the fabrication accurately
in several days. This is not possible with other types of
antenna el ements such as the horn, the helix, etc. Thi's
automated mcrostrip antenna fabrication process can,

therefore, lead to |ow manufacturing cost.




Materi al : The purpose of the substrate material of a

mcrostrip antenna is primarily to provide nmechanical support
for the radiating patch el enents. There are a variety of
types of substrate materials. As discussed in Section Il A

the relative dielectric constant of these materials can be
anywhere from 1 to 10. The nost popular type of material is
teflon-based, Wth a relative dielectric constant between 2
and 3. This teflon-based material, also called PTFE
(pol ytetrafl uoroethylene) , has a structural formvery simlar
to, but has nuch lower insertion |oss than, the fiberglass
material that often is used for digital circuit boards. The
selection of the correct material for the microstrip antenna,

dependi ng upon the applications, should be based on cost,

insertion loss, thermal stability, dielectric constant, etc.

For commercial application, cost is probably one of the nost
inmportant criteria in determning the substrate type. For
exanple, a single patch antenna or an array of a few elenents
may be fabricated on the |ower-cost fiberglass material at the
|l ow end of the mcrowave spectrum such as an L-band
frequency; while a 50-elenent array at 15 GHz may have to use
the higher cost, but |ower |o0ss, teflon-based material. For
a large nunber of array elements at 1lower mcrowave
frequencies, a nonnetallic honeyconb panel may be used as
substrate to mnimze insertion |oss, antenna weight, and
cost . A detail ed discussion of substrate materials can be

found in Reference [5]
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I1l. Applications for Mbile Satellite Conmunications

One of the nost prom nent communication systems that wll utilize
the microstrip antenna is the nobile satellite system The
exanples given in Section | have clearly explained the reasons for
appl yi ng microstrip antennas in a satellite-based conmunication
system The current terrestrial cellular system cannot provide
conplete coverage within a large global region, such as the United
States. As a result, nobile-to-nobile comunication would not be
available in the rural area where no cellular station exists. A
satellite- based systemcan fulfill this need by using either a few
sets of fixed geostationary satellites or a |arge nunber of |ow
Earth orbiting satellites. Two exanpl es of the geostationary
satellite systems are the already inplenented Internationa
Maritine Satellite System '(INMARSAT)™ and the devel opi ng Mobile
Satellite (MSAT) ¥ gystem Both systens operate at L-band
f requenci es. The 1NMARSAT has several different versions
(Standards A, B, C, and D) of Earth termnals that use reflector-
type antennas and are nostly intended for sea-going vessel
applications. However, its recently devel oped Standard-M term nal
which is intended for land application, uses a briefcase-size
mcrostrip array antenna. This antenna, developed by Glocom
Cor poration of Rockville, Maryland, uses six circular patches and

provides 14.5 4B of gain.

The MSAT system has been studied internationally by entities such

as Canada, Japan, the European Space Agency (Esa) , Australia, and
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the United States. Because of the satellite’'s Ilimted power,

limted antenna size, and high altitude, its ground term nal
requires a nediumgain (10dBi gain) , rather than a |ow gain,
antenna to satisfy the comunication |ink requirenments. Such a

medi umgain antenna With a directive beamrequires a satellite
tracking capability to keep its beam pointed at the satellite while
the vehicle is noving about. Two types of nedi umgain antennas
that use microstrip patches have been devel oped. One is the
electronically steered phased array and the other is the
mechani cal ly steered array. Figure 2 presents two phased arrays
with one devel oped by Ball Corporation'® of United States, and the
ot her one devel oped by Toyota Central R&D Laboratories of Japan'*’'.
Both antennas use dual-stacked patches to cover both the
transmtting and receiving frequency bands with 19 elenents.’ Both
antennas have a size of approximately 50 cmin dianmeter and 4 cmin
height . Ball's study indicates that the phased array antenna, when
produced in a volume of 50 thousand units in a 5-year period, would
have a manufacturing cost of about U.S. $2000 per unit. Figure 3
presents a photograph of the Japanese antenna when installed on a
passenger car. A simlar phased array antenna system devel oped by
'Ball Corporation has been installed on Boeing aircraft for
commerci al aeronautical satellite communications. Regarding the
mechani cal |y steered antenna, the Jet Propulsion Laboratory (JPL)
of United States has devel oped a unique low profile and efficient
antenna system This is the nechanically steered microstrip Yagi

array!® . Its photograph is presented in Figure 4. The array has
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a diameter of 48 cmand a height of 4 cm For the same production
quantity as the phased array, JPL has estimated that this
mechani cal antenna woul d cost approximately U S. $400 per unit to
the manufacturer. For both the phased array and the nechanically
steered antennas, the microstrip radiator has denonstrated the
capability of mininizing antenna’s size and cost. Most of the

costs in either antenna system are attributed to the beam scanning

and tracking components, not to the radiator portion.

Low Earth orbiting satellite systems, such as the L-band IRIDIUM!*
system proposed by the Mtorola, Inc. , for exanple, would require
mul ti ple high-gain microstrip phased arrays on each satellite and
| ow-gain omidirectional antennas on the ground termnals. Each of

the satellite’s phased arrays has hundreds of mcrostrip patches.

By printing all of these patches on a single flat panel, the
fabrication process wll lead to |lower cost and the antenna system
will require less volune and contribute |less nass on the satellite.

For the ground terminal, a lowgain omidirectional antenna, such
as a quadrifilar helix, wll suffice. However, if antenna
conformability to the vehicle's roof is required, the mcrostrip
patch can certainly be used. Asingle patch excited at a
fundanental node or a higher-order node can be considered.

Circularly polarized, higher-order node circular patch antennas'™
have denonstrated good ommidirectional coverage in the azinuth

pl ane and optinum sectorial coverage in the elevation plane. A

phot ograph of a fourth-order node (T™,) patch is shown in Figure
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5 which gives calculated elevation patterns of three different

pat ch nodes.

1v. Applications for dobal Positioning System (GpS)

The satellite-based GPS, initiated 30 years ago for mlitary
m ssions, has grown to have significant commercial applications.
It has 24 satellites circling the Earth every 12 hours at an
altitude of 20,200 km Each satellite continuously transmts codes
at two frequencies in the L-band. At any time, four of these
satellites can together help a user on the ground to determne his
precise position with an accuracy of 15 meters and the time to an
accuracy of 100 nanoseconds. Thousands of these GPS ground
terminal units were used by the U.S. Arny in the Persian Qulf War
for position finding, navigation, artillery fire control, etc. It
is expected that millions of simlar units wll be used
commercially by the general population for land vehicles, aircraft,

and maritime vessels to determne their positions and directions.

The antenna needed for the ground termnal is a circularly
pol ari zed, omi di rectional, w de- beam | ow-gain antenna. To
mni mi ze the antenna’s size, mss, and costs at L-band, the
microstrip patch radiator becomes the best candidate. Bal |
Cor poration has devel oped a ceramc-loaded mcrostrip element,
shown in Figure 6, that has a size of 5 cmx 5 cm a thickness of
0.8 cm and a weight of 85 grams. A higher dielectric constant

ceram ¢ | oaded substrate is used to reduce patch size and to
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i ncrease beamwi dth. The dual-stacked-patch technology is enployed

to achieve the required two L-band frequencies of the GPS system
Toyota Central R&D Laboratories of Japan has al so devel oped a
mcrostrip GPS antenna, illustrated in Figure 7, that uses a stub-

y 251

| oadi ng technol ogy’ ~ to achieve the dual -frequency capability with
a single patch. This antenna was devel oped to be mounted on Toyota
passenger autonobiles for GPS navigational purposes. Figures 6 and
7, clearly show that it will be difficult to find another type of
antenna to supersede the mcrostrip antenna's performance in terns

of cost, mass, and size for Gps application.

V. Applications for Direct Broadcast Satellite (DBS) Systens

The DBS system has been providing televis[on service to the general
public in many countries. Its ground user antenna is required to
have a high gain of about 30 dBi and to operate at the frequency of
about 12 GHz. Conventional parabolic reflector antennas have been
adopted currently by many users. However, the parabolic reflector,
because of its curved bulky structure, cannot be easily hidden or
surface nounted onto an existing building. In other words, it
requires separate real estate for installation. As aresult, a
nunber of flat mcrostrip array antennas, have been devel oped for
DBS with the features of being |ightweight, easily installed on a
building wall, aesthetically appealing, and low in manufacturing
cost . Anot her advantage of using a flat lowprofile antenna is
that its performance is less affected by wind or snow than woul d be

that of a parabolic reflector.
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Japanese conpani es have dom nated the devel opnent of flat DBS

antennas. The microstrip type flat antennas devel oped by severa

Japanese conpanies are briefly discussed as follows. Yagi Antenna
Corporation devel oped an array'®! with 1024 circul ar patch el ements,

whi ch has an aperture size of 48 cmx 64 cmand a peak gain of
about 33 dBi. NHK Science and Techni cal Research Laboratories has
al so devel oped a flat microstrip antenna!®’ with increased bandwi dth
and efficiency. The antenna consists of 512 square patch elenments
with a size of 32 cmx 64 cmand a peak gain of 34 dBi. O her
Japanese conpanies that developed simlar DBS mcrostrip arrays are

DX Antenna!?®!, Matsushita Electric Wrks*®, and Sony Corporation

One recently proposed antenna that may becone a conpetitor in the
DBS terminal application is the mcrostrip reflectarray!®!, which
conbi nes the technol ogies of the parabolic dish and the array. The
feed of the reflectarray, as shown in Figure 8, illumnates the
flat aperture that has many printed mcrostrip patch el ements.
These identical patch elenents, having different phasor delay
lines, are not connected by any power division |ines. The re-
radi ated waves from these elenents wll be coherently directed
toward a desired direction in accordance with the predesigned
phasor delay |ines. Unli ke the curved parabolic reflector, the
flat reflecting surface of the reflectarray can be surface nounted
onto a building or a house wall and, thus, occupy an insignificant
amount of real estate. Moreover, unlike conventional array

antennas, the reflectarray, Wi thout any power divider, has very
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l[ittle ohmc insertion [oss which helps the system s gain-over-

tenperature (G T) performance when used as a receiving antenna”

The above fixed-beam microstrip array antennas are intended for a
DBS systemwith a fixed ground terninal, such as a residential
house. A DBS television receiving systemis also applicable to
mobile ground terninals, such as autonobiles or trains. Toyot a
Central R&D Laboratories of Japan has recently devel oped a
mechanical |y steered nicrostrip array for train applications. This
antenna, shown in Figure 9, 1is a rectangular planar array that
generates a fan beam with a wide beamin the elevation plane and a
narrow beam in the azimuth plane. Therefore, mechanical steering
in the azinmnuth plane is required to point its narrow beam at the
satellite, while the train is noving about. This planar array!®! has
96 circular patch elenments excited by an array of helices and fed
by rectangul ar waveguides. It provides a mininumof 27.5 dBi gain
at Ku-band frequency. The conplete antenna system has a di anmeter

of 60 cmand a height of 13 cm

NASA/JPL  and the U. S Information Agency/Voice of America
(USIA/VOA) are jointly developing a Direct Broadcast Satellite
Radi 0 (DBSR) system which will provide audio services (AM,FM,
etc.) to reach a variety of radio receivers (fixed, portable, and
nobi l e) . The | owfrequency audio signal is nodul ated onto a
m crowave frequency, i.e. , S-band, and transmtted to the users via

the satellite. When successfully developed, it is expected that
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mllions of radio receivers Wl be in demand by the genera

popul ation. Tw types of microstrip antennas' have been studied
for the DBSR system at the S-band frequency. One is the
omi directional higher-order-node circular patch™ that was
di scussed earlier. It is intended as an outdoor |ow gain antenna

The second one is a four-elenent nediumgain patch array shown in
Figure 10. It provides circular polarization with 12 dBi of gain.
The sequential rotation technique'™™ is used to arrange the four
el ements to achieve good circular polarization over a relatively
wi de bandwi dt h. This four-el ement nmediumgain patch array is
intended as an indoor receiving antenna, and its extra gain, as
conpared with the outdoor |ow gain antenna, is used to conpensate

the rRrloss that is incurred through the building structures.

vi. Nonsatellite-Based Applications

In addition to applications for satellite communications discussed
in the previous sections, the microstrip antenna has al so been
found to be useful in many other areas. Because of its conformal
mounting capability, mcrostrip antennas have been inplemented on
comrercial aircraft for the purposes of altimetry, collision
avoi dance, renote sensing, etc. Small-size microstrip arrays have
al so been devel oped for the autonobile collision avoi dance system!®!
at mllineter frequencies, as well as for the m crowave sensing-
al arm system The nedical hyperthermia application is another
exciting area in which the microstrip antenna has been found to be

useful . Among these nonsatellite-based applications, two inportant
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‘areas, rempte sensing and nedical hyperthernia, are selected for

further discussion in the follow ng paragraphs.

In the area of renote sensing, the Synthetic Aperture Radar (SAR)
t echni que has been used to determne ground soil grades, vegetation
type, ocean wave speed and direction, €tc. , and has significant
comrerci al inmpact on the general population in terns of agriculture
and weat her prediction. For example, a G band interferonetric
sar!®l, recently devel oped by NASA/JPL, has successfully neasured
the characteristics of the ocean waves, Which contributed to the
predi ction of weather. A McDonnell Douglas%fiDC-8 aircraft has been
used as the radar platform Two identical mcrostrip arrays,
separated by aprescribed distance to properly perform the
interferonetric function, are flush mounted on one side of the DC-8
fuselage. Each array !"® has a rectangul ar aperture and generates
a fan-shaped beam in the broadside direction. A photograph of the
mcrostrip array, in Figure 1, shows the two rows of square
microstrip patches with a total of 76 elements. These two rows are
excited with opposite phases to achieve the required |ow cross
pol ari zat i on. The relatively large nunber of elenents are fed
serially to mininmze insertion loss and, thus, to achieve good
ef ficiency. This array has achieved | ess than -30 4B of cross
pol arization in the main beamregion and an overall efficiency of

72% with a peak gain of 23.8 dBi.

In the nmedical area, mcrowave energy has been found to be one of
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the nost effective forns of inducing hyperthermia in treating

mal i gnant tunors. Difficulties have been experienced in heating
deep-lying tissues and heating a relatively large volune of tissue.
In general, the desired characteristics of a microwave applicator
include an effective deposition of the energy in a defined tissue
vol ume, good inpedance matching, and conformality to the surface
being treated so that m nimum | eakage of m crowave energy wll
occur outside of the treated area. In addition, the radiator
shoul d be Iightweight, rugged, and have an easy-to-handl e design.
The mcrostrip patch radiator seens to have nmet all these
requirenents. The early designs of mcrostrip radiators for
hypertherm a applications were printed dipoles!®! and an annul ar
ring!®! at an S-band frequency. A nore recent design involves the
use of a circular mcrostrip disk ¥ at an L-band frequency. Two
coupled mcrostrip lines with adjustable separation [ have been
used at a UHF frequency to neasure the tenperature gradient inside
t he human body. An interesting and uni que application of the
mcrostrip radiator is the flexible patch applicator ' * at 430 Mz.
Figure 12 shows how the flexible mcrostrip patch can be applied to

a curved surface for maxi num efficiency.

viIi. Concl usion

In the past decade, because of its low profile, small size, and |ow
manuf acturing cost, the microstrip antenna has been found to be in
significant demand for comercial applications. Especially in the

area of satellite comunications, the demand for microstrip
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antennas is nost evident. 1n other areas, such as renmpte sensing,

medi cal usage, autonobile collision avoidance, and aircraft
syst ens, the mcrostrip antenna has also found inportant
applications. Research and devel opnent in the mcrostrip antenna
area should be continued to inprove performance paraneters, such as
the bandwi dth and insertion loss. It is believed that this snall
size antenna wll continue to benefit the human race for nany

future years.
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Figure 1. Rectangular and circular microstrip patch antenna
configurations.



TOYOTA CENTRAL R & D LABS

Figure 2. Phased array antennas for nobile satellite
conmmuni cat i ons.
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Figure 3. Phased array installed on a passenger car. (Courtesy
of the Toyota Central R & D Labs)

Figure 4. Mechanically steered |owprofile microstrip Yagi
array for nobile satellite conmmunications.
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Figure 5. Higher-order-node circularly polarized mcrostrip
antenna. Photo shows the S-band 4th order node patch.



Figure 6. Mcrostrip patch antenna for GPS application.
(Courtesy of the Ball Corporation)
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Figure 7. Mcrostrip patch antenna for GPS application.
(Courtesy of the Toyota Central R & D Labs)
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Figure 9. Mechanically steered mcrostrip array antenna for
mounting on trains for DBS application [31].




CIRCULARLY POLARIZED WITH SEQUENTIAI FEED ‘

Figure 1.0. S-band microstrip array with briefcase size for
Direct Broadcast Satellite Radio (DBSR) service.




Figure 11. Microstrip array for aircraft interferometric radar
renote sensing application.
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Figure 12. Flexible mcrostrip patch nounted on a curved surface
for hypertherm a medical application [39].




